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Description
Technical Field

[0001] The presentinvention relates to a supply meth-
od determination device that acquires order information
for maintenance parts of construction machine, for ex-
ample, and determines the optimal supply method.

Background Art

[0002] Inthe maintenance parts business for construc-
tion and mining machines, companies have inventory
bases constructed in major regions of the world in re-
sponse to the recent globalization of the business, and
each inventory base manages an inventory of tens of
thousands of items of maintenance parts. For instance,
conventional inventory management methods for main-
tenance parts include those with a unidirectional supply
chain structure that replenishes an inventory of mainte-
nance parts only from a central depot to inventory bases
around the world, and those that centrally manage the
parts inventory held by each service base, and order and
transfer parts among these service bases. Patent Liter-
ature 1 discloses a technique of determining the optimum
means of transportation in consideration of transporta-
tion cost, inventory management cost, and lead time.

Citation List
Patent Literature

[0003] Patent Literature 1: JP 2017-182448 A

Summary of Invention
Technical Problem

[0004] Conventionally, technology has existed to man-
age the inventory at each inventory base by distributing
products from a central depot to each inventory base or
between inventory bases. Recent technological innova-
tions have made it possible to manufacture some prod-
ucts using manufacturing apparatuses such as 3D print-
ers. Utilization of these manufacturing apparatuses could
lead to new options forinventory replenishment methods,
not just distribution, but also manufacturing at service
bases, including regional depots and distributors. In such
a case, itis necessary to comprehensively evaluate and
examine the lead time and cost between the conventional
distribution and the manufacturing at service bases for
ordering a product, and then determine the supply base
and means of supply.

[0005] Inview of the above, the presentinvention aims
to provide a supply method determination device capable
of shortening the lead time, reducing the cost, and de-
termining whether itis better not to have inventory newly,
while considering the use of manufacturing apparatuses
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such as 3D printers.
Solution to Problem

[0006] To solve the above problems, a supply method
determination device of the present invention is config-
ured to determine a supply base that supplies a product
to an order base from among a plurality of bases and
determine a supply means that supplies the product from
the supply base to the order base.

[0007] The supply method determination device stores
inventory information indicating an inventory status of the
product at the plurality of bases and manufacturing ap-
paratus information indicating which of the plurality of
bases has a manufacturing apparatus capable of man-
ufacturing the product.

[0008] The supply method determination device calcu-
lates using the stored inventory information and manu-
facturing apparatus information: cost and lead time when
transporting a predetermined number of the products
from one of the plurality of bases where the product is in
stock to the supply base; and cost and lead time when
manufacturing a predetermined number of the products
at a base equipped with the manufacturing apparatus
among the plurality of bases and transporting the man-
ufactured products to the order base, and determines a
supply base and a supply means based on the calculated
cost and lead time.

Advantageous Effects of Invention

[0009] The supply method determination device ac-
cording to the present invention is capable of shortening
the lead time, reducing the cost, and determining whether
it is better not to have inventory newly, while considering
the use of manufacturing apparatuses such as 3D print-
ers at the order base. Further features of the present
invention will become apparent from the description of
the specification and the accompanying drawings. Other
problems, configurations and advantageous effects also
will be clear from the following descriptions of the em-
bodiment.

Brief Description of Drawings
[0010]

Fig. 1 shows an example of a supply chain that is a
target of the supply method determination system in
the present embodiment.

Fig. 2 shows a configuration of the supply method
determination system in one embodiment of the
present invention.

Fig. 3 is a block diagram showing the hardware con-
figuration of the supply method determination de-
vice.

Fig. 4 is a block diagram showing the functions of
the supply method determination device.



3 EP 4 254 284 A1 4

Fig. 5 shows an example of the inventory informa-
tion.

Fig. 6 shows an example of the order information.
Fig. 7 shows an example of the transportation infor-
mation.

Fig. 8 shows an example of the 3DP manufacturing
information.

Fig. 9 shows an example of the 3DP holding base
information.

Fig. 10 shows an example of the parts manufacturing
information.

Fig. 11 shows an example of the score conversion
information.

Fig. 12 shows an example of the weight information.
Fig. 13 is a flowchart explaining an example of
processing executed by the calculation section of
the supply method determination device.

Fig. 14 shows an example of a calculation sheetused
in the calculation section.

Fig. 15 shows an example of the supply methods
displayed on the display section at a service base
where the order was placed.

Fig. 16 shows an example of the supply methods
displayed on the display section at a service base
where the order was placed.

Description of Embodiments

[0011] Referring to Figs. 1 to 16, the following de-
scribes a supply method determination system according
to one embodiment of the present invention. The follow-
ing embodiment describes an example of a system that
determines a supply base and a supply means in a supply
chain of the maintenance parts business for construction
and mining machines, which is a supply method to re-
plenish an inventory of the maintenance parts that are
products handled in the supply chain.

[0012] Fig. 1 shows an example of a supply chain that
is a target of the supply method determination system in
this embodiment. The supply chain includes a supplier
101, a central depot (CPD) 102, multiple regional depots
103 and multiple distributors 104. In the following de-
scription, the central depot 102 and regional depots 103
may be referred to as a manufacturers, and the central
depot 102, regional depots 103, and distributors 104 may
be referred to as a service bases or bases.

[0013] The supplier 101 is a factory where mainte-
nance parts are manufactured, for example, and corre-
sponds to the manufacturer's own factory or another
company’s manufacturing factory. The supplier 101 has
a function of manufacturing maintenance parts according
to orders from manufacturers and delivering them to the
central depot 102, which is a service base.

[0014] The central depot 102 is a base that holds an
inventory of maintenance parts for construction and min-
ing machines, for example, and is a global central base
that has a large-scale inventory in the supply chain. The
central depot 102 orders desired maintenance parts from
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the supplier 101, holds an inventory of the maintenance
parts purchased from the supplier 101, receives orders
from the regional depots 103, and supplies the mainte-
nance parts to the regional depots 103 that are the serv-
ice bases, from which the orders are placed. The central
depot 102 functions as a wholesaler. The number of the
central depot 102 is not limited to one and may be plural.
[0015] Like the central depot 102, the regional depots
103 are bases that hold an inventory of maintenance
parts for construction and mining machines. They are
bases with medium-sized inventories, and are located in
several major regions of the globe, such as North Amer-
ica, South America, Europe, Africa, and Asia. The re-
gional depots 103 have the function of ordering desired
maintenance parts from the central depot 102 and other
regional depots, the function as a primary depot of hold-
ing maintenance parts (as inventory) supplied from the
central depot 102 and other regional depots, and the
function of supplying maintenance parts to a distributor
104, from whom the order was received.

[0016] Like the central depot 102 and regional depots
103, the distributors 104 are bases that hold an inventory
of maintenance parts for construction and mining ma-
chines. They are bases with small-sized inventories, and
are located in regions and countries within the major re-
gions, forexample. The distributors 104 have the function
as a secondary depot of holding an inventory of mainte-
nance parts supplied from the regional depots 103 and
other distributors 104, and the function as a service base
that serves as a sales window for customer to sell main-
tenance parts in response to customers’ orders.

[0017] In the above supply chain, any of a plurality of
transportation means such as ships, planes, railroads,
and trucks can be used for the transportation of mainte-
nance parts between the plurality of service bases 102
to 104 (e.g., from the central depot 102 to the regional
depots 103, from the regional depots 103 to the distrib-
utors 104, or between the regional depots 103 and be-
tween the distributors 104).

[0018] Atleastone of the plurality of service bases 102
to 104 has a 3D printer that is a manufacturing apparatus
capable of manufacturing maintenance parts. In the
above supply chain, the service base (order base) from
which the order was received (hereinafter this may be
referred to as an orderer) not only receives maintenance
parts held in stock by other service bases through distri-
bution, but also receive maintenance parts manufactured
by 3D printers at other service bases. When a service
base is equipped with a 3D printer capable of manufac-
turing desired maintenance parts, this service base may
manufacture the parts by the 3D printer and sell them.
[0019] The 3D printersinstalled at multiple service bas-
es 102 to 104 do not need to be the same model and
may have different maintenance parts that can be man-
ufactured. A known 3D printer can be used, which may
be of a selective laser sintering type capable of manu-
facturing a metal object, for example. The data used by
the 3D printer to form maintenance parts can be down-
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loaded from a center server 301 and multiple service bas-
es 102 to 104 via the internet or other communication
networks.

[0020] The supply method determination system of this
embodiment calculates the number of days and cost re-
quired to supply maintenance parts to an order base for
each supply means in the supply chain of Fig. 1, and
displays the result in a list format.

[0021] Fig. 2 shows the configuration of a supply meth-
od determination system including a supply method de-
termination device according to the presentembodiment.
The supply method determination system 1 is configured
to connect user terminals 402 to 404 located at service
bases 102 to 104, respectively, and the center server
301 having a supply method determination device 401
with a communication network 300, and thus enables
two-way communications between them.

[0022] The service bases 102 to 104 have a user ter-
minal 402 located at the central depot 102, user terminals
403 each located at the corresponding regional depot
103, and user terminals 404 each located at the corre-
sponding distributor 104. Through these user terminals
402 to 404, users are allowed to input order information
for each maintenance part at each service base that is
determined in the central depot 102, the regional depots
103, or the distributors 104.

[0023] When order information is input from at least
one of the user terminals 402 to 404, the supply method
determination device 401 calculates the inventory re-
plenishment cost at the order base for each maintenance
part and supply route based on the input order informa-
tion. Then, the supply method determination device 401
searches for a supply base and a supply means, which
are the supply method at the time of inventory replenish-
ment, based on the calculation result. The supply method
determination device 401 has the function of calculating
and outputting the cost and lead time required to replen-
ish maintenance parts at the order base for each supply
method. Information on the supply methods calculated
by the supply method determination device 401 is trans-
mitted from the supply method determination device 401
at the center server 301 to the user terminal at the order
base. The display section of the user terminal at the order
base displays the information on the plurality of supply
methods in a list format. Once the user operates the user
terminal at the order base to select a supply method that
meets the needs from the supply methods, the user ter-
minal at the order base transmits information to place an
order for maintenance parts to the user terminal at the
selected supply base. The information to place an order
for maintenance parts includes information on the supply
means selected by the orderer. The information to place
an order for maintenance parts is stored in the supply
method determination device 401 at the center server
301. Receiving the order information from the user ter-
minal at the order base, the service base of the supplier
(supply base) supplies the maintenance parts to the order
base using the supply means displayed on its own user
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terminal.

[0024] The user terminals 402 to 404 each have an
input section that receives an input from the user and a
display section that displays information such as the sup-
ply method. For instance, the input section of the user
terminal is a keyboard, touch panel, or mouse, and the
display section of the user terminal is a liquid crystal dis-
play. The user inputs order information to their user ter-
minals 402 to 404 using the input section. The display
section of the user terminal displays the result calculated
by the supply method determination device 401, that is,
the information on the supply bases and supply means
(see Figs. 15 and 16), which is the recommended supply
methods.

[0025] Fig. 3 is a block diagram showing the hardware
configuration of the supply method determination device.
[0026] The supply method determination device 401
includes: adata storage section 410 that stores data input
from user terminals at order bases; a calculation section
420 that performs predetermined arithmetic processing
based on the data stored in the data storage section 410;
an output section 430 that records the results of the op-
erations performed by the calculation section 420 in the
data storage section 410 and passes the information to
ascreendisplay section 440; and the screen display sec-
tion 440 that displays the information output from the out-
put section 430 on the screen.

[0027] The data storage section 410 is a non-volatile
memory or a magnetic disk. The calculation section 420
includes a CPU, a ROM, and a RAM. The CPU of the
calculation section 420 develops the program stored in
the ROM into the RAM for execution, thereby executing
the process of determining supply methods. The output
section 430 includes a video output circuit and a data
write circuit. The functions implemented by these circuits
may be replaced with software.

[0028] As shown in Fig. 4, the calculation section 420
includes a data calculation section 421 that calculates
supply bases, supply means, supply days, and supply
cost based on the data held by the data storage section
410, and presents the data on supply bases and supply
means as recommended supply methods.

[0029] The output section 430 includes a data output
section 431 that outputs data on the recommended sup-
ply methods, which is a result calculated by the data cal-
culation section 421. The data output section 431 causes
the data storage section 410 to store the calculation result
by the calculation section 420. The data output section
431 outputs the information stored in the data storage
section 410 to the screen display section 440 and also
to the user terminals 402 to 404 at the order base and
the supply base. Information is output to the user termi-
nals 402 to 404 via the communication network 300.
[0030] The screen display section 440 performs
processing of displaying information on the supply meth-
ods calculated by the calculation section 420 on the mon-
itor screen of the supply method determination device
401. The supply methods, which are the calculation result
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by the calculation section 420, include information on the
recommended supply bases and supply means for the
order base, and the center server 301 can also confirm
the result.

[0031] Fig. 4 is a block diagram showing the functions
that the supply method determination device has.
[0032] AsshowninFig. 4, the data storage section410
stores inventory information 411, order information 412,
transportation information 413, 3DP manufacturing infor-
mation 414, 3DP holding base information 415, parts
manufacturing information 416, score conversion infor-
mation 417, and weight information 418.

[0033] Fig. 5 shows an example of the inventory infor-
mation 411.

[0034] The inventory information 411 indicates the in-
ventory status of products, and includes information in-
dicating the inventory quantity of maintenance parts at
each base. The inventory information 411 includes the
fields of base names 801, items 802, inventory quantity
(pcs) 803, outstanding order quantity (pcs) 804, sched-
uled delivery date for outstanding orders 805, inventory
category 806, inventory management cost per piece 807,
inventory days 808 and inventory management cost 809.
The field of base names 801 contains the names of bas-
es, and the field of items 802 contains information such
as the names and numbers of the maintenance parts.
The field of inventory quantity (pcs) 803 contains infor-
mation on the number of maintenance parts in stock at
the bases, the field of outstanding order quantity (pieces)
804 contains information on the number of outstanding
maintenance parts required at the bases for their orders,
and the field of scheduled delivery date for outstanding
orders 805 contains information on the scheduled date
when the maintenance parts required at the bases will
be received. If the outstanding order quantity is 0, the
field of the scheduled delivery date for outstanding orders
805 will be blank.

[0035] The field of inventory category 806 contains in-
formation on whether the maintenance parts in question
are in stock or not, and if they are not in stock, it also
contains information on whether there is no outstanding
order or whether there is an outstanding order. The field
of inventory management cost per piece 807 contains
information on the inventory management cost (yen) re-
quired to store one maintenance part in question for one
day. The field of inventory days 808 contains information
on the number of days that have passed since the main-
tenance partwas received, and the field of inventory man-
agement cost 809 contains information on the total cost
required to manage all the maintenance parts in inven-
tory, and the information is a value calculated by multi-
plying the number of the maintenance parts in stock, the
inventory management cost per piece and the number
of days in stock.

[0036] Fig. 6 shows an example of the order informa-
tion 412.

[0037] The orderinformation 412 contains information
representing the number of orders for maintenance parts
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from any of a plurality of bases. The order information
412 includes the fields of order bases 901, items 902,
quantity 903, order reception dates 904, and order deliv-
ery dates 905. The information stored in each of these
fields is set based on the contents of the order each time
a user places an order for maintenance parts from one
of the bases. The field of order bases 901 contains infor-
mation on the name of the base that placed the order
and a code number indicating the name of the base. The
field of items 902 contains the item or name of the main-
tenance part to be ordered. The field of quantity 903 con-
tains the quantity of maintenance parts ordered. The field
of order reception dates 904 contains information on the
date when the order was accepted. The field of order
delivery dates 905 contains the delivery date of the main-
tenance part specified in the order.

[0038] Fig. 7 shows an example of the transportation
information 413.

[0039] The transportation information 413 includes in-
formation on the transportation costs required when
transporting the maintenance part from each base to the
order base, and is stored separately for each means of
transportation such as air freight, sea freight, and trans-
portation. The transportation information 413 includes
the fields of items 1001, supply bases 1002, order bases
1003, supply means 1004, transportation LT 1005, and
transportation cost 1006. The field ofitems 1001 contains
the items of the maintenance parts to be transported, that
is, the names of the maintenance parts. The field of sup-
ply bases 1002 contains the names of the bases from
which the maintenance parts are supplied. The field of
order bases 1003 contains the names of the service bas-
es from which the maintenance parts are ordered.
[0040] The field of supply means 1004 contains infor-
mation onthe means of supplying the maintenance parts,
such as air freight, sea freight, or manufacturing using a
3D printer (3DP). The field of transportation LT (days)
1005 contains the lead time, i.e., the number of days,
when transporting the maintenance part from the supply
base to the order base by the method stored in the field
of supply means. The field of transportation cost 1006
contains the cost (yen) when transporting the item stored
in the field of items 1001 from the supply base to the
order base by the supply means stored in the field of
supply means 1004.

[0041] Fig. 8 shows an example of the 3DP manufac-
turing information 414.

[0042] The 3DP manufacturing information 414 in-
cludes the fields of items 1101, manufacturing availability
1102, manufacturing LT 1103, and manufacturing cost
1104. The field of items 1101 contains the items of main-
tenance parts to be manufactured by 3D printer, that is,
the names of the maintenance parts. The field of manu-
facturing availability 1102 contains information on wheth-
er or not the maintenance part can be manufactured by
the 3D printer. The field of manufacturing LT 1103 stores
the manufacturing lead time, i.e., the number of manu-
facturing days, when the maintenance part is manufac-
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tured by the 3D printer. The field of manufacturing cost
1104 contains the cost (yen) of manufacturing the main-
tenance part by the 3D printer. The 3DP manufacturing
information 414 is stored separately for each type of 3D
printer.

[0043] Fig. 9 shows an example of the 3DP holding
base information 415.

[0044] The 3DP holding base information 415 includes
information on the bases holding 3D printers and the
number of 3D printers owned by the bases. The 3DP
holding base information 415 includes the fields of base
names 1201 and the number of 3D printers owned 1202.
The field of base names 1201 contains the names of the
bases that own the 3D printers. The field of the number
of 3D printers owned 1202 stores information on the
number of 3D printers owned by the bases.

[0045] Fig. 10 shows an example of the parts manu-
facturing information 416.

[0046] The parts manufacturing information 416 in-
cludes information on the manufacturer that manufac-
tures the maintenance parts and information on the lead
time when the manufacturer manufactures the mainte-
nance parts. The parts manufacturing information 416
includes the fields of items 1301, manufacturing catego-
ries 1302, manufacturing LT 1303, and manufacturing
cost 1304. The field of items 1301 contains the items of
maintenance parts to be manufactured by 3D printer, that
is, the names of the maintenance parts. The field of man-
ufacturing categories 1302 contains information on
whether the maintenance part will be subcontracted to
an outside vendor or manufactured in-house. The field
of manufacturing LT 1103 stores the manufacturing lead
time, i.e., the number of days, when the maintenance
part is manufactured by outsourcing or in-house. The
field of manufacturing cost 1304 contains the cost (yen)
of manufacturing the item stored in the field of items 1301
by outsourcing or in-house production as specified in the
manufacturing categories 1302.

[0047] Fig. 11 shows an example of the score conver-
sion information 417.

[0048] The score conversion information 417 includes
the fields of manufacturing LT 1401 and its scores 1402,
and of parts manufacturing cost 1403 and its scores
1404. The field of manufacturing LT 1401 is the same as
the manufacturing LT 1303 shown in Fig. 10, and con-
tains the lead time (LT), that is, the number of days when
the maintenance part is manufactured by outsourcing or
in-house production. The field of scores 1402 contains
the score for each lead time (LT). The field of parts man-
ufacturing cost 1403 is the same as the manufacturing
cost 1304 shown in Fig. 10, and contains the cost (yen)
of manufacturing the item stored in the field of items 1301
by outsourcing or in-house production as specified in the
manufacturing categories 1302. The field of scores 1404
contains the score for each manufacturing cost. The
scores 1402 of the manufacturing LT 1401 are set to
increase as the lead time increases, and the scores 1404
of the parts manufacturing cost 1403 are set to increase
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as the cost increases.

[0049] Fig. 12 shows an example of the weight infor-
mation 418.

[0050] The weight information 418 includes the fields
of policy 1501, weight 1502, and contents 1503. The field
of policy 1501 contains the priorities for the supplying
method. For instance, this field contains a LT-prioritizing
policy that emphasizes shorter manufacturing lead time,
aninventory reduction-prioritizing policy thatemphasizes
reduced inventory, a cost-prioritizing policy that empha-
sizes lower manufacturing cost, a transportation cost-
prioritizing policy that emphasizes lower transportation
cost, and a transportation LT-prioritizing policy that em-
phasizes shorter transportation lead time.

[0051] The weight 1502 indicates the degree of priority
on cost and lead time, and is set in advance. The field of
weight 1502 contains a value for each policy 1501, with
0 being the minimum value and 1 being the maximum
value. The field of contents 1503 contains information
about which item is to be weighted. For example, if the
policy 1501 prioritizes LT, the "total LT score" is multiplied
by the value of weight 1502. If the policy prioritizes re-
duced inventory, "inventory management cost after sup-
ply" is multiplied by the value of weight 1502. If the policy
prioritizes cost, "total cost score" is multiplied by the value
of weight of 1502. If the policy 1501 prioritizes transpor-
tation cost, the "transportation cost score" is multiplied
by the value of weight 1502. If the policy prioritizes trans-
portation LT, the "transportation LT score" is multiplied
by the value of weight 1502. The weight is not limited to
a fixed value. For instance, it may be set as a temporary
value at first and corrected to an appropriate value using
feedback or Al. For instance, the weights may be feed-
back-corrected according to the difference between the
predetermined policy and the cost and lead time.

(Data calculation section 421)

[0052] Referring back to Fig. 4, when calculating the
supply methods, the data calculation section 421 extracts
a plurality of supply methods that differ in supply bases
and supply means as candidates. Then, the data storage
section 421 calculates the score for each candidate using
the data such as lead time and cost stored in the data
storage section 410 for these multiple candidate supply
methods. Then, the data calculation section 421 com-
pares the scores of the candidates to determine the pri-
ority of these candidates.

[0053] Fig. 13 is a flowchart explaining an example of
processing executed by the calculation section 420 of
the supply method determination device.

[0054] First, when an order for maintenance parts is
placed by a service base such as a regional depot 103
or adistributor 104 (YES in S501), a process is performed
to acquire inventory information at the central depot 102
and service bases near the order base (hereinafter called
nearby service bases) (§502). Then, the presence or ab-
sence of the maintenance parts in stock at the nearby
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service bases is checked, and if there is a part in stock
(YES in S503), a determination is made which one of the
plurality of service bases are equipped with a 3D printer
(S504). Service bases that are targets for the determi-
nation whether or not they are equipped with 3D printers
include not only nearby service locations but also the
orderbase. Thus, the orderbase is included in the service
bases that are targets for the determination whether or
not they are equipped with a 3D printer. This can be used
for the determination whether or not to install a 3D printer
at the order base in the future.

[0055] If any of the service bases is equipped with a
3D printer (YES in S504), a determination is made wheth-
er the maintenance parts ordered by the order base can
be manufactured using the 3D printer, that is, whether
the maintenance parts ordered by the order base can be
manufactured by the 3D printer equipped at any of the
service bases.

[0056] If it is determined that the maintenance parts
ordered by the order base are parts that can be manu-
factured using the 3D printer (YES in S505), the data
stored in the data storage section 410 is used to convert
the number of days (lead time LT) to supply the mainte-
nance parts from any service base to the order base and
the total cost into scores and calculate the total score
(S506).

[0057] For instance, the cost and lead time for trans-
porting a predetermined number of products from one of
a plurality of service bases that have the products in stock
to the supply base are calculated and scored, and the
total score is calculated. The cost and lead time for man-
ufacturing a predetermined number of products at a base
equipped with a 3D printer among the plurality of service
bases and transporting them to the order base also are
calculated and scored, and the total score is calculated.
[0058] If multiple supply bases or means of supply are
available, each of them is considered a candidate supply
method, and the total score is calculated for each of these
multiple candidate supply methods. Then, the total
scores of these candidates are compared with each other
to assign a priority to each candidate, and the sorted
scores are displayed on the monitor screen of the supply
method determination device 401 (S509). Information on
these multiple supply method candidates, the total score
of each candidate, and the priority order is transmitted
from the supply method determination device 401 to the
user terminal at the order base. The user terminal at the
order base displays the plurality of supply method can-
didates in the order of priority, and the user is allowed to
select a desired supply method from among the plurality
of supply method candidates by operating the user ter-
minal.

[0059] Ifitis determined that the parts cannot be man-
ufactured using a 3D printer (NO in S505), the total score
is calculated by the same process as in S506, and the
information of flag 1 is attached to the calculation result
(S507). If none of the service bases are equipped with a
3D printer (NO in S504), the total score is calculated as
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in S506, and information of flag 2 is attached to the cal-
culation result (S508). These calculation results with in-
formation of flag 1 or flag 2 attached are displayed on
the user terminal, but the method using a 3D printer can-
not be selected as the supply method.

[0060] Ifitis determined in S503 that there is no inven-
tory at nearby service bases (NO in S503), determination
is made for the presence or not of an outstanding order
(S511). The presence or not of an outstanding order is
determined based on the information stored in the field
of inventory category 806 of the inventory information
411 in the data storage section 410. Then, if there is an
outstanding order (YES at S511), the process shifts to
S512 to S516, and the same processing as S504 to S508
is performed. If it is determined that there is no outstand-
ing order in S511 (NO in S511), the process shifts to
S521 to S525 and the same process as S504 to S508 is
performed.

[0061] Fig. 14 shows an example of a calculation sheet
used in the calculation section.

[0062] The calculation sheetincludes the fields of order
base 701, supply base 702, inventory category 703,
items 704, number of items ordered (pcs) 705, number
of items in stock (pcs) 706, order receipt date 707, order
delivery date 708, number of days until delivery date
(days) 709, supply means 710, 3DP manufacturing avail-
able parts determination 711, manufacturing LT (days)
712, the number of days until the outstanding orders de-
livery date (days) 713, transportation LT (days) 714, total
LT (days) 715, delivery date determination 716, manu-
facturing cost (yen) 717, transportation cost (yen) 718,
inventory management cost before supply (yen) 719, the
number of items in stock after supply (pcs) 720, inventory
management cost after supply (yen) 721, total cost (yen)
722, total LT (score) 723, total cost (score) 724, and total
score 725.

[0063] The total LT (days) 715 is the sum of the man-
ufacturing LT (days) 712, the number of days until the
outstanding orders delivery date (days) 713, and the
transportation LT (days) 714. The total LT (score) 723 is
a value obtained by converting the total LT (days) 715
into a score using the score conversion information 417
in the data storage section 410. The total cost (yen) 722
is the sum of the manufacturing cost (yen) 717, the trans-
portation cost (yen) 718, the inventory management cost
before supply (yen) 719, and the inventory management
cost after supply (yen) 721. The total cost (score) 724 is
a value obtained by converting the total cost (yen) 722
into a score. The total score 725 is then calculated by
summing the total LT (score) 723 and the total cost
(score) 724. The total score 725 may be calculated by
multiplying each of the total LT (score) 723, total cost
(score) 724, and total cost (yen) 722 by a predetermined
weight (see Fig. 12) according to the policy.

[0064] Figs. 15 and 16 show an example of supply
methods displayed on the display section at a service
base where the order was placed.

[0065] The output section 430 transmits the supply
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methods of a certain part to the user terminal at the order
base in response to a request from the user terminal.
The same result displayed on the user terminal at the
orderbaseis also displayed on the screen display section
440 of the supply method determination device 401. The
user terminal of the order base displays information in-
cluding recommended supply bases for supplying or-
dered parts to the order base using the supply method
determination system in the order of priority.

[0066] Fig. 15shows anexamplein which the orderer’s
service base is a group company. The supply methods
shown in Fig. 15 include information of priority 601, sup-
ply base 602, supply means 603, number of days re-
quired for supply (days) 604, and cost required for supply
(yen) 605. A user of the group company can select the
best supply method from among these multiple supply
methods by operating the user terminal at their own serv-
ice base. For instance, the user can select a method at
the first priority that is the method with the shortest
number of days (days) 604 required for supply, or the
method at the sixth priority that is the cheapest method
with the cost (yen) 605 required for supply.

[0067] Fig. 16 shows an examplein which the orderer’s
service base is another company. The supply method
shown in Fig. 16 includes information of priority 611, sup-
ply base 612, supply means 613, delivery date (date)
614, and wholesale price (yen) 615. A user of another
company can operate the user terminal of their own serv-
ice base to select the optimum supply method from
among these multiple supply methods. For instance, the
user can select a method at the first priority that is the
method with the closest delivery date (date) 614 and with
the cheapest wholesale price (yen), or the method at the
sixth priority that is the cheapest wholesale price (yen)
615.

[0068] The supply method determination system ac-
cording to the present embodiment described above
adds manufacturing of maintenance parts using a 3D
printerata service base as an option forthe supply means
in addition to transportation methods such as air freight
and sea freight. Then, the user is allowed to set priorities
to a plurality of supply method candidates in considera-
tion of the number of days and cost required for supply.
Weights may be assigned to the number of days and cost
of supply, which enables the determination of the supply
method to reflect the supplier’s policy.

[0069] Thus, the user understands the number of days
and cost of supply for each of the plurality of supply meth-
od candidates, and is able to shorten the lead time, re-
duce cost, and determine whether or not it is better not
to carry new inventory. Then the user is able to select a
desired candidate from among these multiple supply
method candidates and determine it as the supply meth-
od.

[0070] That is a detailed description of the embodi-
ments of the present invention. The present invention is
not limited to the above-stated embodiments, and the
design may be modified variously without departing from
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the spirits of the present invention. For instance, the en-
tire detailed configuration of the embodiments described
above for explanatory convenience is not always neces-
sary for the present invention. A part of one embodiment
may be replaced with the configuration of another em-
bodiment, or the configuration of one embodiment may
be added to the configuration of another embodiment. A
part of the configuration of each embodiment may include
another configuration that is added, or may be deleted
or replaced with another configuration.

Reference Signs List

[0071]

1 Supply method determination system

101 Supplier

102 Central depot

103 Regional depot

104 Distributor

300 Communication network

301 Center Server

401 Supply method determination device

402,403  User terminal

410 Data storage section

420 Calculation section

430 Output section

440 Screen display section

411 Inventory information

412 Order information

413 Transportation information

414 3DP manufacturing information

415 3DP holding base information (manufactur-
ing apparatus information)

416 Parts manufacturing information

417 Score conversion information

418 Weight information

Claims

1. A supply method determination device configured to
determine a supply base that supplies a product to
an order base from among a plurality of bases and
determine a supply means that supplies the product
from the supply base to the order base,

the supply method determination device storing
inventory information indicating an inventory
status of the product at the plurality of bases and
manufacturing apparatus information indicating
which of the plurality of bases has a manufac-
turing apparatus capable of manufacturing the
product,

the supply method determination device calcu-
lating using the stored inventory information and
manufacturing apparatus information: cost and
lead time when transporting a predetermined
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number of the products from one of the plurality
of bases where the product is in stock to the
supply base; and cost and lead time when man-
ufacturing a predetermined number of the prod-
ucts at a base equipped with the manufacturing
apparatus among the plurality of bases and
transporting the manufactured products to the
order base, the supply method determination
device determining a supply base and a supply
means based on the calculated cost and lead
time.

The supply method determination device according
to claim 1, converting the cost and lead time into
scores, calculating a total score by summing the
score of the cost and the score of the lead time for
each of the supply base and supply means, and com-
paring the calculated total scores, thus determining
a supply base and a supply means.

The supply method determination device according
to claim 2, storing a weight indicating the degree of
priority for each of the cost and lead time, and

weighting the costand the lead time using the weight.

The supply method determination device according
to claim 3, storing information on manufacturing cost,
transportation cost, inventory management cost af-
ter supply, manufacturing lead time, and transporta-
tion lead time for each supply base and supply
means, and

converting each of the manufacturing cost, the trans-
portation cost, the inventory management cost after
supply, the manufacturing lead time, and the trans-
portation lead time into a score, and multiplying each
score by the weight for weighting.

The supply method determination device according
to claim 4, feedback-correcting the weight based on
adifference between a predetermined policy and the
cost and lead time.

The supply method determination device according
to claim 5, setting priorities of supply bases and sup-
ply means based on the total score.

A supply method determination system comprising
a plurality of user terminals and a supply method
determination device located in a server, the user
terminals and the supply method determination de-
vice being connected via a network, each of the plu-
rality of user terminals being located at a correspond-
ing one of a plurality of bases, the supply method
determination device being configured to determine
a supply base that supplies a product to an order
base from among the plurality of bases and deter-
mine a supply method that supplies the product from
the supply base to the order base,
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the supply method determination device storing
inventory information indicating an inventory
status of the product at the plurality of bases and
manufacturing apparatus information indicating
which of the plurality of bases has a manufac-
turing apparatus capable of manufacturing the
product,

the supply method determination device calcu-
lating using the stored inventory information and
manufacturing apparatus information: cost and
lead time when transporting a predetermined
number of the products from one of the plurality
of bases where the product is in stock to the
supply base; and cost and lead time when man-
ufacturing a predetermined number of the prod-
ucts at a base equipped with the manufacturing
apparatus among the plurality of bases and
transporting the manufactured products to the
order base, the supply method determination
device determining a supply base and a supply
method based on the calculated cost and lead
time, and

outputting information on the determined supply
base and supply method to the user terminal of
the order base,

the user terminal displaying information on the
supply base and supply method output from the
supply method determination device.
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Fig. 2
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Fig. 3
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Fig. 6
9(;1 9(‘1)2 9?3 9?4 9?5
Order bases ltems Quantity (pcs) | Order reception dates | Order delivery dates
Base 1 Parts A 10 '"19/03/22 19/03/29
Base 1 Parts B 10 "19/03/22 18/04/03
Base 1 Parts C 10 '19/03/22 19/04/01
Base 1 Parts D 10 '19/03/22 19/04/11
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Fig. 7
1 OL)01 1 0\:)2 1 0§)3 1 0304 1005 1 0;)6
ftems | Supply basesi Order bases | Supply means TraLnngjoar!t/ast)ion Transpc();a;;on cost
Parts A | Central depot Base 1 Air freight 2 30,000
Parts A | Central depot Base 1 Sea freight 5 10,000
PartsA | Central depot Base 1 3DP 0.1 0
PartsA | Distributor A Base 1 Air freight 1.5 20,000
PartsA | Disfributor A Base 1 Sea freight 3.5 6,000
PartsA | Distributor A Base 1 3DP 0.1 0
Parts A Distributor B Base 1 Air freight 15 20,000
PartsA | Distributor B Base 1 Sea freight 4 7,000
Parts A | Distributor B Base 1 3DP 0.1 0
PartsA | Distributor C Base 1 Air freight 15 20,000
PartsA | Distributor C Base 1 Sea freight 2 4,500
Parts A | Distributor C Base 1 3DP 0.1 0
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Fig. 8
1101 11{.)2 1103 1104
ltems Manufacturing | Manufacturing | Mariufacturing cost
: availability LT (days) (ven)
Parts A Available 1 20,000
Parts B Available 2 5,000
Parts C Unavailable - —
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Fig. 9
12301 1202
Number of 3D printers

Base names owned (pcs)

Base 1 3
Central depot 2
Distributor A 5
Distributor B 3
Distributor C 0

18




EP 4 254 284 A1

Fig. 10
1 3801 1 3{)2 1 3303 1 3§)4
Manufacturing | Manufacturing | Manufacturing cost
ltems categories | LT (days) (yen)
Parts A Outsourcing 6 15,000
Parts B Qutsourcing 4 6,000
Parts C In-house 5 | 10,000
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Fig. 11

1401 14?2
LT (days) Score
0 1
0.1 2
0.2 3
0.3 4
04 5
0.5 6
0.6 7
07 8
0.8 9
0.9 10
1 11
1.1 12
1.2 13
1.3 14
14 15
15 16
16 17
1.7 18
18 19
19 20
228 230
23 231
231 232
23.2 233
233 234
23.4 235
235 236
23.6 237
23.7 238
23.8 239
23.9 240
24 241
24.1 242
24.2 243
243 244
24 .4 245
24.5 246
246 247
247 248
248 249
24.9 250
25 251
25.1 252
25.2 253
25.3 254
254 255
255 256
256 257
257 258 -
25.8 259
259 260
26 261

20

1403 14?4
Cost (yen) Score
0 1
500 1.2
1000 1.4
1500 1.6
2000 1.8
2500 2
3000 2.2
3500 24
4000 2.6
4500 28
5000 3
5500 3.2
6000 34
6500 36
7000 3.8
7500 4
8000 4.2
8500 44
000 46
9500 4.8
114500 46.8
115000 47
115500 47.2
116000 474
116500 47.6
117000 478
117500 48
118000 48.2
118500 48.4
119000 48.6
119500 48.8
120000 49
120500 492
121000 494
121500 496
122000 498
122500 50
123000 50.2
123500 50.4
124000 50.6
124500 50.8
125000 51
125500 51.2
126000 514
126500 518
127000 51.8
127500 52
128000 52.2
128500 52.4
129000 52.8
128500 52.8
130000 53
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Fig. 12
1501 1502 1503
Policy Weight Contents
L T-prioritized 1 Multiply [LT total score] by weight
Inventory reduction-prioritized 1 Multiply finventory management cost after supply] by weight
- Cost-prioritized 1 'Multiply [total cost score] by weight
Transportation cost-prioritized 1 Multiply ftransportation cost store] by weight
Transportation LT-prioritized 1 Multiply [iransportation LT score] by weight
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Fig. 15
601 6?2 6?3 6(3)4 6(835‘

Priority Supply base | Supply means ‘Nun%gsggég@y(%ggl)ﬂred Cost required for supply (ven)
1 Centraldepot | = 3DP 1.1 30,500
2 Central depot Air freight 2 40,000
3 Diétributor C | Seafreight 2 40,000
4 Distributor C Air freight 1.5 55,500
5 Distributor B Alir freight 4.5 20,000
6 Distributor B Sea freight 7 7,000
7 Central depot Sea freight 5 20,000
8 Distributor A | Air freight 7.5 35,000
9 Distributor A Sea freight 9.5 21,000
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Fig. 16
6';1 6‘{2 6'}13 6184 6‘})5
Priority Supply base | Supply means Delivery date (date) Wholesale price (yen)
1 Central depot 3DP 19/03/24 30,500
2 Central depot |  Airfreight 19/03/24 40,000
3 Distributor C Sea freight 10/03/24 40,000
4 Distributor C Air freight 18/03/24 _‘_55,500
5 Distributor B Air freight 19/03/27 20,000
6 Distributor B Sea freight 19/03/29 7,000
7 Central depot Sea freight 19/03/27 20,000
8 Distributor A Air freight 19/03/30 35,000
9 Distributor A Sea freight 19/04/01 21,000
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